A realistic model of a fixed-charge membrane was constructed to elucidate the principles involved in the Teorell-Meyer-Sievers theory. Polyelectrolyte solutions (polystyrene sulfonic acid or gelatin) were used in a multicompartment cell to serve as the "membrane." The ionic concentration and potential differences between the compartments served as a finite increment approximation to a continuous membrane phase. The profiles obtained for a positively and negatively charged membrane gave striking support for the theory.
The excellent papers by Teorell elucidating the essential points in the fixedcharge theory of ionic membranes are well known to investigators interested in the field of electromotive membrane systems (1, 2) . Although the ideas involved in the theory are clearly expressed, it seemed helpful toward a better understanding of the theory to construct a realistic model of a fixed-charge membrane in which the over-all E.~r.l~. and the E.M.I~. and ionic profile within the membrane could be established semiquantitatively both for a negatively and a positively "charged" system.
Briefly the basic arguments in the Teorell-Meyer-Sievers theory are: The membrane is looked upon as a matrix of polymers to which are attached completely ionizable groups, the so-called "fixed charge." All the properties of such a membrane are determined by the sign and concentration of the fixed-charge groups which are assumed to be at a constant concentration throughout: the membrane. Thus in the presence of the fixed charge, ion exchange occurs between ions in the bathing solutions and those of the membrane so that to a first approximation a Donnan distribution develops at each membrane-solution interface while throughout the membrane region a diffusion field develops subject to the Dorman boundary conditions of ionic concentration. Therefore so far as the total E.~.F. in the steady state is concerned the theory describes two * Work supported in part by National Science Foundation Grant (NSF G-3440).
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Donnan potentials and a diffusion potential, the algebraic sum resulting in the total ~.M.F. between the two end solutions.
Method
We utilized the technique, of multicompartment ceils employed by Teorell (3) in his early work on diffusion processes. As seen in Fig. 1 a seven compartment system was used to constitute the "membrane" with larger compartments at either end containing the bathing solutions at different concentrations. The cell was constructed from cylindrical lucite tubing 3 inches in diameter. The compartments 1 to 7 were made of ~ inch lengths. The end compartments were 4 inches long. Each eompartment was separated by cellophane sheets with suitable rubber gaskets to prevent leakage. The entire assembly was clamped together. The lucite lengths were provided with holes to permit entry of solutions and electrodes. Compartments 1 and 7 were stirred to promote rapid exchange and thus the quasi-Donnan condition as postulated in the theory. End solutions were replaced every hour to attain and maintain the steady state which obtained in about 6 hours. The fixed charge was provided either by gelatin or polystyrene sultonie acid. The cellophane sheets were employed merely to contain the polyelectrolyte species while exhibiting negligible resistance to the ions present in the test solutions placed in either end compartment. The choice of seven compartments to serve as a stepwise approximation to a continuous membrane region was purely arbitrary. Of course, if more compartments were used the better would be the approximation.
Potential measurements were made with calomel electrodes and saturated KC1-agar bridges. Since the experiments were not carried out with the aim of very high precision, the concentration of hydrogen and chloride ions was established by the use of the glass electrode and the silver-silver chloride electrode, respectively.
RESULTS
In Fig. 1 a, and 1 b are seen the steady state results for a "negatively fixedcharge membrane" where the fixed charge was provided by polystyrene sulfonic acid in solution. The sulfonic acid solution was maintained at a constant concentration (approximately 12 m.eq. per liter) in each compartment (1 to 7) by the cellophane barriers, thus simulating the condition of "fixed" or "immobile" ions in a membrane structure. The concentration 1 and potential profiles in Fig. 1 a, and 1 b indicate a striking confirmation of the theory. The quasi-Donnan conditions at either membrane-solution interface are clearly seen in that the H + concentration in the "membrane" is greater than that of the solution whereas C1-concentration is much lower. The Planck regime within the membrane is also seen with both ionic concentrations varying continuously between the boundary values at either interface.
1The apparent change in concentration of the polyelectrolyte in compartment 7 as evidenced by difference of H + and C1 + concentrations with respect to the values found in other compartments is mere!y due to an error in determining these particular concentrations. 
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The potential profile is seen in Fig. 1 b with the notation used by Teorell for the Donnan potentials (a-1 and ~r2) and the Planck diffusion potential (4~ --~1) . The total potential A V is seen as the algebraic sum of the three components with solution 2 taken arbitrarily as zero potential.
14 / -! 12=o C1- The profile of ionic concentration and potential for a "positively charged membrane" is seen in Fig. 2 a, and 2 b. In this case the charged macromolecule is gelatin. Proceeding from Loeb's data (4) it was known that within the range of pH established by the boundary solutions (10 --~ N and 10 -s N) the gelatin would be positively ionized. From the profiles it can be seen, as in the previous model, that quasi-Donnan conditions are present at the interface regions with a continuous Planck regime extending throughout the membrane.
In order to see the dramatic effect of the fixed charge on the over-all z~.z~.]~.
produced by a membrane the negatively charged membrane was used with an electrolyte whose diffusion E.x¢.~. would be very small as a result of the symmetry of ionic mobilities. Since potassium and chloride ion satisfy this condition, KCI was chosen as the electrolyte (10 -~ N and 10 -8 N). In Fig. 3 the values of AV, the over-all E.~r.F., are seen as a function of the concentration of polystyrene sulfonic acid. Unfortunately finite solubility did not permit the use of solutions of higher concentration. According to the theory the thermodynamic value of 56 inv., namely, RT/F log cffc2, should be approached asymptotically as the membrane charge increases to large values. 2 The data as plotted in Fig. 3 suggest such a relationship.
DISCUSSION
The experimental results presented here show quite clearly the mechanisms operating in a fixed-charge membrane as described by the Teorell-MeyerSievers theory. The virtue of these simple experiments carried out on a macroscopic system is that the ionic concentrations and potential differences prescribed by the theory are operationally established and thus have clearer meanNote that the value of 12 my. occurring for zero membrane charge, i.e. zero concentration of sulfonic acid, is merely due to the fixed charge which is usually found in most cellophane sheets (5). In our experiments we have found that the effect is appreciable with KCI solutions and is markedly reduced with HC1 solutions so as to be negligible.
ing. It is, of course, understood that we cannot enter here into a discussion of the perennial problem concerning the difficulty in defining and determining "precisely" the Donnan or Planck potential in an experimental operation with electrodes.
It is worth while commenting on the Donnan regimes assumed to exist in the theoretical analysis in the light of the experimental results. Teorell (2) has discussed this matter quite clearly by pointing out that there is no necessity for a complete Donnan condition to be present at the interfaces. The assumption of a Donnan condition is dictated simply by the fact that the Donnan ratio of ions at either interface is a function of the concentration of fixed charge in the membrane and the total ionic concentration in either bathing solution and thus the concentration of mobile ions at either interface within the membrane is easily calculated. Moreover, it is important to keep in mind that there is a fundamental tendency for the Donnan condition to be established in the limit if exchange rates are sutficienfly high. In Fig. 1 a the condition at the interface between the 10-2N solution and compartment 1 is very nearly a Donnan equilibrium whereas at the other interface the Donnan ratio does not obtain as well. The same is true in Fig. 2 .
An interesting feature of the positively charged model membrane using gelatin is that it is a good example of a membrane whose fixed charge is a function of the distance in the membrane. This condition occurs in this particular system as a result of the variable ionization of gelatin as a function of pH. TeoreU did not deal with a variable fixed-charge density only because of the algebraic difficulties entailed.
It is important to emphasize that in the Teorell-Meyer-Sievers theory of fixed-charge membranes the mere presence of fixed charges confers upon the region of mobile ions a Donnan-like distribution, namely a tendency for the accumulation of ions of the opposite sign and the rejection of ions of the same sign as the fixed charge. The factors of steric hindrance or mechanical blocking are secondary. It is just this mechanism that is properly deemphasized when the model is considered. In connection with the Donnan effect it is worth while commenting that the possible role of osmotic gradients is regarded as negligible in the original theory, although, to be sure, Teorell is aware of the importance of water movement and refers to the provocative investigations of osmotic flow in fixed-charge membranes by Schl~gl (6, 7). The experiments described here were designed and conducted only to examine the original theory. Future experiments are contemplated to measure the effect of osmotic movement of water on the ionic and potential profiles.
The validity of the fixed-charge theory in the ease in which the interface region consists of fixed charges provided by several monomolecular layers, e.g. Danielli bimolecular leaflets, is seriously open to question since the macroscopic parameters of the Donnan and Pianck regions would no longer have meaning.
In this case the general atomistic theory of diffuse ionic atmospheres subject to the primary influence of fixed charges would have to be invoked. Again, these problems are amply discussed by Teorell. It is hoped that the model described here will aid in the understanding of the principles involved in the Teorell-Meyer-Sievers theory and thus will promote a better formulation of some of the physicochemical problems that might be associated with the physiological membrane.
The realistic model has interesting possibilities in the study of biionic systems and time-varying states.
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